Guinea pigs possess a highly mutated gene for L-gulono-gamma-lactone oxidase, the key enzyme for L-ascorbic acid biosynthesis missing in this species.
Guinea pigs cannot synthesize L-ascorbic acid because of their deficiency in L-gulono-gamma-lactone oxidase, a key enzyme for the biosynthesis of this vitamin in higher animals. In this study we isolated the L-gulono-gamma-lactone oxidase gene of the rat and the homologue of this gene of the guinea pig by screening rat and guinea pig genomic DNA libraries in lambda phage vectors, respectively, using a rat L-gulono-gamma-lactone oxidase cDNA as a probe. Sequencing analysis showed that the amino acid sequence of the rat enzyme is encoded by 12 exons and that all the intron/exon boundaries follow the GT/AG rule. On the other hand, regions corresponding to exons I and V were not identified in the guinea pig L-gulono-gamma-lactone oxidase gene homologue. Other defects found in this gene homologue are a deletion of the nucleotide sequence corresponding to a 3' 84-base pair part of rat exon VI, a 2-base pair deletion in the remaining exon VI-related region, and nonconformance to the GT/AG rule at one of the putative intron/exon boundaries. Furthermore, a large number of mutations were found in the amino acid-coding regions of the guinea pig sequence; more than half of them lead to nonconservative amino acid changes, and there are three stop codons as well. Thus it is clear that the guinea pig homologue of the L-gulono-gamma-lactone oxidase gene exists as a pseudogene that randomly accumulated a large number of mutations without functional constraint since the gene ceased to be active during evolution. On the basis of the neutral theory of evolution, the date of the loss of L-gulono-gamma-lactone oxidase in the ancestors of the guinea pig was roughly calculated to be less than 20 million years ago.